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DESCRIPTION AND PURPOSE
Let Y(1), ..., Y(T) be a sample realization of a mixed autoregressive
moving average time series {Y{(t), t = 0, + 1, ...} of order (p,q)(denoted

ARMA(p,q) ). Thus
P q
P aidye-1) = § 80de(t-k) , t =0, + 1, ...
=0 k=0

for constants p,q , a(0) = 8(0) -~ 1, a(l), ..., alp), 6(1), ..., B(q) ,

where ¢ (+) is a white noise series of zero mean uncorrelated random variables
P \

having variance 02. The zeros of the complex polynomials g(z) = }:j=0a(j)zJ

and h(z) (’(k)zk are assumed to he outside the unit circle.

A
- A%
lx=0
Subroutine MXPD calculates exact, memory h, horizon t, minimum mean
square error linear predictors Y(t+h\t) and (optionally) prediction variances

vee, t

42 of Y(t+h) given Y(1), ..., Y(t) for h = hl’ e.vy h, and t =t 2

t,h 2 1’
Thus Y(t+h|t) is that lincar combination of Y(1), ..., Y(t) closest to
Y(t+h) in the mean square sense and oi I E{Y(t+h) —Y(t+h|t)}2 is the

y

attained minimum mean square prediction variance.

If q =0, Y is a pure autoregressive process of order p (AR(p)), while

M
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if p=0, Y is a pure moving average process o order  (MA(q)). Subroutines }

ARPD and MAPD calculate Y(t+h|t) and (optionaliy) 02

(n) an '
t.h for the AR{p) and

MA(q) cases respectively. Separate subroutines are used for these cascs
due to significant simplifications in thelr alporithes from the general

ARMA(p,q) casc.

NUMERLCAL METHOD

The method 1s based on numerous special propertles of the modlficd
Cholesky decomposition (MCD, see Wilkinson (1967)) 5. ihe autocovariaace
matrix of an ARMA(p,q) process. (Sec Newton and Papano (1930) for details).

Let [A]ij denote the (i,j)th element of «.: nacc.xw A and define
AK : TOEPL{a(0), ..., a(K-1)} to be the (K.K) symmecric Toeplicz matrix
having (AK]ij ='a(|i-jl) . Let AK = LKDKLE , K > 1 he the MCD of the

symmetric positive definite nested matrices A,, A, ..., i.e. [A,

S
1 2 - Kt 11
= [AK]ij , for i,j < K, LK is a unit lower t:.aus.. s {K<K} matrix, and
: . . . -1
DK is a diagonal matrix. Then the sequences of maitrfces LK‘ NK, Yo
AN

and D_l are also nested and we write (for example) ac (i,j)th clement

K
of any LK for K > max (1,j) as [L]ij
Thus [D]11 = [A]11 ,
i-1
[L]ij = ”A]ij - (’—}- [L]if)“)]e()“'l,‘(" S )
= |
i-1 ,
(Plyy = 1Ay - e.}q IDTgpltip w2 K

We define the following quantities for K |

' - o8 b4 o - i ‘ P
a) rZ,K TOEPI, {RZ(()), F(./:(k 1)} i.z‘K‘):/,QKIZ‘K where
R7(v) = E1Z2()Z2(e+v)} , v - 0, + 1, . and Z(-)Y s an AR(p)




process having coefficients a(l), ..., a(p) and white noise

2
variance o

- T _ -1
b) ¥K (X(1), ..., X(K)) = LZ,K YK’ where
T
Yo = Y, ..., YK
e T T R | -T
c) rX,K L{KKXK} = LX,KDX,KLX,K . Note that IX,K = LZ,K rY,KLZ,K .

d) e, = (el), ..., e(NT = L;IK L

Then

P
Y(t+h|t) = X(t+h|t) - § a(3)¥(t+h-3{¢t)

i=1
h-1
2 2
%¢,h T kzo[LZLX]t+h,t+h—k[DX]t+h—k,t+h—k
h‘il t'{h 2
- D], .. (L) plldy oo
koo | Xtthk,ethokf oo L T2 eth, £DUXOL, thh-k

where Y(t+h-j|t) = Y(t+h-j) 1f j > h, and

q
X(t+h|e) = | 7 ([L,] e(t+h-k) , h =1, ..., q

i X e4h bk

0 , h>g

2
Thus to obtain Y(t+h|t) and Gt,h for h = hl’ ey h2 and t tl’ ey tz

-1
we need L , L , L ,and D .
Z,t +h, Z,t,+h, X,t,+h, X, t,+h,

in computing time and storage requirements in obtaining the elements of

Significant reductions

these matrices are afforded by noting:

NOTE 1 Computing L;]

,t2+h2
The jth row of L;]K is given by
r [ 1
(j‘ (l. QK—I) ’ !j=1
O VP R Qi_j) L 2<§<p 1)
T T
\(Noj_p_l ’ (I(P)' seay ’X(l)q 19 QK‘j)’ p+l i j i K
_ - P . W Qﬁ‘~ e L JES RO - )>A . '-'




=

—ly
where uk(l) = a(f) 1if k > p and
a, (1) - a (1+1)a (j+1-1) (2)
R C R
: l~r1j+1(j+1)

Thus there are only p(p+l)/2 distinct nonzero,nonone elements in L;lx s
s

K > p+ 1 and X(1) = Y(1) while
. I

() =y + ) a._l(z)Y(j-z) s 3 =2, .oy p 3)
=1 3

Y(3) + § a ()Y (3~0) , 3>0p
£=1

NOTE 2 Computing L

Z,t,+h,

Let Y(0) =1, v(1), v(2), ... be the coefficients of the MA(x)

representation of Z(-) , i.e.

j-1
() = - § alG-0)v() , 3 >1. (4)
£=max(0,j'P)
Then
[LZ]p+j,p+j—£ = y(£) , 0<f <3 <K-p (5)
i
U‘ ] = - ’l(r)[L ] s L = 1; ’ P"'l, j > 1 (6)
2Ptk r=1 E p+j-r, L
L=yt e - - f (1, (o o k<ep
Z,p Z,p 20y fou retbuay 2artz e, jokr KOS
)
T
lim ) L = 0 (8)
K—po  j=1 2K
K
: 2 2
lim oL dy o= R (0) /0 9)
K—p j=1 7°K,j 7.
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Rz(owaz (10)
0
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2
i

11

|
11

RZ(O) 1-a G (11)

02/

j=1

By (5) and (6) the distinct elements of L7 ¢+ 3re contained in its

“rm202
first p columns, the last of which is (Q;—l’ 1, vy(L), ..., y(t2+h2-p_j))T .

Thus MXPD finds the elements of LZ,t2+h2 by:
. -1 ,-1
i) finding LZ,p = (Lz’p) , 11) calculating Y(1), ..., Y(Ml-p)

(by (4)) where Ml—p is the smallest integer such that

Ml—p

b - R0t | < s, (12)
=0

iii) use (6) to obtain remaining elemeats of rows p+l, ..., Ml of

first p~1 columns of LZ,t +h Note that (10) says that such an Ml

272
exists (which hopefully is much less than t2+h2) while (8) and (9) say

that all further elements of the first p columns of L are arbitrarily

Z,t2+h2

close to zero. Thus there are Mlp elements to calculate and store for

I

Z,t,+h,
NOTE 3 Computing L D
To compute LX,t +h and Dx,t W Ve note that (defining aO(O) = 1)
2 2 2 72
: ;
(r.1,. = . a, ,(3-m ) o, {-)R,(£-m), 1,3>1
X' m=max (1, j-pP) -1 £=max(1,1i-p) -1 .
Ry (11-31) v 1,4 > p, [1-3] < q (13)
0 s, 1 <3<p, 1>p, and
1 -3 >qor if
- i, > p and |1—j‘ > q




—6=

q-v
Re(W) = o7 ] BB , v =0, ey q (14)

k=0
Thus the distinct elements of rX,t2+h2 are RX(O)’ cees RX(q) and the

elements in the first p + q rows and p columns. Further only RY(O)’ eesy

RY(p+q) are required to obtain T These elements are obtained via

X,t2+h2

subroutine MXCV by solving first for v = 0, ..., max(p,q)

§ a(j)RY(v—j) = g B(k)RYe(v—k) =0, v>gq (15)
j=0 - k=v

where RYE(V) T E{Y(t)e(t+v)} = 5V02 if v > 0, where § is the Kronecker delta,

and

2 min(v,p)

Ry (-v) = B(v)o© - ] a(DR, (-v+i) , v=1, ..o, q . (16)
j=1

Then RY(max(p,q)+1), cees RY(p+q) are obtained by (15) for v = max(p,q)+1,

.

.y PHq .

To obtain LX,t2+h2 and DX,t2+h2 we note that the pattern of zeros in
Lx,t2+h2 is the same as that in the lower triangle of rX,t2+h2 and that the
required elements of Yx pHq can be calculated as needed (by (13)) without

’
storing them.

Thus LX pH is calculated and stored in one matrix. To obtain the q
nonzero nonone, elements of the rows of the rest of L we have:

X,t2+h2
1im [LX]K,K—j = B(j) , J =1, ..., q
K—p
2
lim [DX]K,K = o
K—
Thus rows p + q + 1, ... are calculated and stored in a matrix having q
columns until the elements of LX’ DX have converged (at row M2 say) , i.e.
2
- -1 Id ] < § = - PO -
[ Dogly, 4= B L T I Bl S R T




-]
Further, o(1) = X(1) while
[ o
(‘(J) = X(]) - ezl [l'x]j,z E( ) s 1 T 2’ vo ey p+q
j-1
X3 - ) [Lxl.f_e(t) s =P tatl, ., M
e (18)

q
X(j) - ZX B(L) e (3-0) , > M,
=1

Also, 1if the ui h are not to be calculated then LZ need not be
]

calculated.

NOTE 4 Convergence of LZLX

One further simplification is given by

«lim (L L D, . . = B_(3) > 121
e 2 XK,K-]

where the B8_(-) are the coefficients of the MA(~) representation of the

ARMA(p,q) process Y. Thus for any t > max(Ml,MZ) we have

) Zix‘l 5
Oy p =0 Y B (k) ,
i k=0
while if t +h > M or t +h > M, , the "converged" values are used for
elements of the (t+h)th rows of L,, L, in the expressions for Y(t+h|t)
2
and Jt,h .
NOTE 5 From thesc observations we have Basic Structure of MXPD

i) Check input parameters.
i1) Find RY(O), ceey RY(p+q) by (15) and (16) via subroutine MXCV

(stored in the constant RYO and (p+q)-vector RY).
1

{11)Find L; o and R7(O) by (1), (2), and (11) (stored in (pxp)

matrix ALZI and constant RZ0).




— -

iv) Find M, and lLZ’Mlerlij Ll i Mo T2 p by (D), (6),

and (12) (stored in the integer MONE and (MIXP) matrix ALZ).
v) Find RX(O)’ ey Rx(q) by (14) via subroutine MACV (stored in

constant RXO0 and q-vector RX).

. . p P d s +q) % (p+ ix ALX1
vi) Find LX,p+q and Dx,p+q (stored in the (p+q)x(p+q) matrix

and in the first (p+q) elements of the M2-vector DX) .

vii) Find M2 and [L'X]1 13

j = i-q, ..., i-1 (stored in the integer MTWO and the (szq)

D, ]

ij [Dy , i =ptq#l, ..., M

2,

matrix ALX2 and the rest of the (Mz)—vector DX).

viii) Find Xt s e, by (3) and (18) (stored in the t,-vectomsX and E).

2 2 2

ix) Find Y(t+h|t) , for h = hys wees By h B = £, il (stored
in the (t,-t,+1)(h,-h +1)-vectors YPD where Y(t+h|t) = YPD((t-t;)
(h2—hl#1)+(h—h1+1))).

x) Find (optionally) 02

t,h
(hz-h1+1)—vector PVAR .

which is stored like YPD in a (tz—t1+l)

NOTE 6 Taking advantage of convergence

To take advantage of the convergence in L, , L., and D the user

Z2’ X X
specifies an absolute convergence criterion § and integers IROWSI,
IROWS2 as the row DIMENSION of arrays ALZ and ALX2, DX respectively.

Thus IROWS1 and IROWS2 must be chosen to exceed what can reasonably be

expected to be M1 and M2 respectively or else a nonconvergence failure

fndicator will be returned in LFAULT. Of course {f TROWSL or IROWS2? are

given the value t2+h2 then convergence need not be reached for the algorithm

to finis' properly. Setting IROWS] or TROWS2 smaller than t2+h2 allows the

possibility of obtaining predictors for long time series with a minimum

amount of required storage.




ba'd

. 2
Further, if the qr p are not to be calculated, the matrix ALZ is not ’ 1

needed and IROWS1 can be set equal to 1.

NOTE 7 Algorithm for ARPD

i
= = = = |
For q 0 we have rZ,K FY,K , rX,K DZ,K > LX,K IK ’ DX,K
= DZ,K . Thus )
) p
Y(e+h|t) = - ) a(3)Y(t+h-j]t)
j=1
1
h-1
2 2
t,h kZO [y) e, eomnee (P2 ) eanei, e
h~1 i
= 02 z yz(k) ift >p. i
k=0 |
NOTE 8 Algorithm for MAPD
For p = 0 we have rZ,K = IK P LZ,K = DZ,K = IK and FX,K =

{
i
|
l
|
TOEPL{RX(O), ceey RX(q), 0, ..., 0}, (so that calculation of ALXl is !
}
1
i
|

av01dod).Lx,K ?K = YK . Thus
B
= +h- +h < M
Y(t+h|t) A [LX]t+h,t+h—k e(t+h-k) , t ’
i
.|
E B (k)e(t+h-k) » t+h > M, y
k=h
N 0 » h > q
[~ h-1
2 2 |
"e,h T kZO[LX]t+h,t+h-k[DX]t+h~k,t+h—k b M
h-1
or T 8% w N ]
k=0
l i
!
LV . oot o LA . o e N AR SR .
\
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STRUCTURE

SUBROUTINE MXPD (NP, NQ, ALPHA, BETA, SIGSQ, Y, 10PT, NT1, NT2, NH1, NH2, NYPD,
NPVAR, NPPNH2, TROWS1, IROWS2, IROWS3, DEL, RYE, RYEO, RY, RYO, IP, YWK, RZO,
RX, RXO, ALZI, ALZ, ALX1, ALX2, DX, MONE, MTWQ, X, £, YPD, PVAR, 1FAULT).

Formal parameters

NP

NQ
ALPHA
BETA
SIGSQ
N
10PT

NT1
NT2
NH1
NH2

NYPD
NPVAR
NPPNH2
TROWS1

TROWS2
TROWS3
DEL
RYE
RYEQ
RY

RYN

e
TWK
170

X0

ALZT
ALZ

Integer
Integer
Real Array (NP)
Real Array (NQ)
Real :
Real Array (NT2)
Integer

Integer
Integer
Integer
Integer

Integer,
Integer
Integer
Integer

Integer
Integer

Real

Real Array (NQ)
Real

Real Array (NP+NQ)
Real

Integer Array (1ROWS3)

Keal Array (NPPNH2)

Real
Real Array (NQ)
Real

Real Array {(IROWS3, IROWS3)
Real Array (IROWS1, NP)

input:
input:
input:
input:
input:
input:
input:

1

0

input:
input:
input:
input:

input:
input:
input:
input:

input:
input:
input:

output:
output:
output:
output:

work:
work:
output:

output:

output:

output:

output:

order of AR part of model

order of MA part of model
coefficients of AR part of model
coefficients of MA part of model -
variance of white noise in model
data vector

option switch cqual to:

if both predictors and variances
to be calculated

if only predictors desired

t. (first memory)

t, (last memory)
h, (first horizon)
h, (last horizon)

2
(NT2-NT1+1) (NH2-NH1+1)

same as NYPD if IOPT = 1, >1 if IOPT=0.

NP + NH2
row dimension of ALZ in calling pro-

gram (>NP+2 if IOPT =1, >1 if IOPT=0)

see note 6 above

row dimension of ALX2, DX in calling

program (>NP+N(Q41) See note 6 above.
row dimension of RY, IP, ALZI, ALX1
in calling program (>NP+NQ)

absolute convergence criterion (see
(12) and (17)).

RYF(—l), vy RYE(—q)
R, (0)
RY(I). cees RY(p+q)

Ry (0)

(
RZ())
kx(l), vy Rx(q)
(
RX())
-1
1.,
Z,p
if TOPT = 1, ALZ contains [L_ ], .,
Z2°1)
S PP T3 T2 PPN L

it 1opr

0, ALZ 1s not used.




ALX Real Array (TROWS3TROWS3)
ALX2 Real Array (ITROWS2,NQ)

hX Real Array (1ROWS2)

MONE Integer

MTWO Integer

X Real Array (NT2) -

¥ Real Array (NT2)

YPD Real Array (NYPD)

PVAR Real Array (NPVAR)

I FAULT Integer

Slure Indieations

Value of IFAULT

wn F R e

[ 3V TNe - REWENG N

12
13

SUBROUTINE ARPD (NP, ALPHA, SIGSQ, Y,
YWK, CAM, YPD, PVAR, IFAULT).

Formal parvameters

NP Integer

ALPHA Real Array (NP)
S1GSQ Real

Y Real Array (NT2)

~1)-

ot put @ LX,p+q

output: [Ly lij ,

fo i=-q, ..., 1-1.
output: {DX]' v 1 =1, ..., M

i = p+q+l, ..., M2 .

output : M] (see note 6 above) ’
output: M2 (see note 6 above)
output: X(1), ..., X(tz)
output: e(l), ..., e(tz)
output: ((Y(t+h{t), h = h

t=1t

[ eeen B

10 e t2)

2 =
1, ((Ot,h’ h=nh
- h2), b=t eees tz)

if IOPT = 0, PVAR not used.
output: failure indicator

output: if IOPT 1’

Meaning

no failure

NP<1, NQ<1, or IOPT not O or 1

NT1<NP+NQ or NT1>NT2

NH1<1 or NH1>NH2

NYPD< (NT2-NT1+1) (NH2-NH1+1) or NPVAR<1
or I0PT = 1 and NPVAR<(NT2~NT1+l)
(NH2-NH141)

IROWS1-NP+2 and TOPT = 1 or IROWS1<1
or NPPNH2-NP+NI2

TROWS2 ~NP4NQ+1

TROWS 3-NP+NQ

STGSO-0

Singular matrix in subroutine MXCV

An m,(j)'l (see(2))

10PT = 1, 1ROWSY-NT2+NH2-NP, and
convergence not reached.
Nonpositive [I)X]11 encountered

[ROWS2< NT24+NH2-NP-NQ and convergence
not reached.

10PT, NT1, NT2, NHl, NH2, NYPD, NPPNH2,

input: order of AR model

input: coefficients of AR model
input: variance of white noise
input: data vector

e
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10PT Integer input: option switch equal to
1 1f both predictors and variances
to be calculated
0 1if only predictors desired

NT1 Integer input: t (first memory)

NT2 Integer input: t, (last memory)

NH1 Integer input: h1 (first horizon)

NH2 Integer input: h2 (last horizon)

NYPD Integer " input: (NT2-NT1+1) (NH2-NHI+1)

NPPNH2 Integer input: NP + NH2

YWK Real Array (NPRNH2) workspace:

GAM Real Array (NPPNH2) output: v (1), ..., Y (NP+NH2)

YPD Real Array (NYPD) output: ((Y(t+h|t), h = hys oees hy),
E =t vees tz)

PVAR Real Array (NH2) output: if IOPT = 1, 03 h? h=1, ..., h2’
if 10PT = 0, PVAR not used.

IFAULT Integer output: failure indicator

Fatlure Indications

Value of IFAULT Meaning
0 no failure
1 NP < 1
2 NT1 < NP or NT1 > NT2
3 NH1 < 1 or NH1 > NH2
4 S1GSQ - 0
5 IOPT not O or 1 or NYPD < (NT2-NT1+1)

(NH2-NH1+1) or NPPNH2 < NP+NH2

SUBROUTINE MAPD (NQ, BETA, SIGSQ, Y, IOPT, NT1, NT2, NHl, NH2, NYPD, NPVAR,
IROWS, DEL, RX, RXO, DX, ALX, MTWO, E, YPD, PVAR, IFAULT)

Yormal parameters

NQ Integer input: nrder of MA model

BETA Real Array (NQ) input: coefficients of MA model
S1GSQ Real input: variance of white noise

Y Real Array (NT2) input: data vector

TOPT Integer {nput: option switch equal to:

1 {f both predictors and variances
to be calculated
N if only predictors desired

NT1 Integer input: ty (first memory)
NT2 Integer input: t, (last memory)
NH1 Integer input: h1 (first hot.zon)
NH2 Integer input: h, (last horizomn)

2



NYPD
NI'VAR

TROWS

NEL
RX

RX0O
DX
ALX

MTWO
F
YPD

PVAR

IFAULT

Integer
Integer

Integer

Real
Real Array (NQ)

Real
Real Array (TROWS)
Real Arrav (LROWS,NQ)

Integer
Real Array (NT2)
Real Array (NYPD)

Real Array (NPVAR)

Integer

Failure Indteations

Value of TFAULT

s N-~O

x® NS wv

Nxiliary alqorithms

~1 3}~

input:
input:

input:

input :
outpat :

ontput:
outpat

output @

output:
output:

output:

output:

output:

Meaning

no fail
NO < 1
NTl < N
NH1 - 1
NYPD «

2= NT D (NH2-NHT+1)
Same as NYPD if 10PT = 1,

I if 10PT = 0,
row dimension of ALX and DX in
callting program (see notes 6 and
K o above)
absolute convergence criterion
RK(])' ey Rx(q)
r(\,(())
[“X‘i‘ i=1, ..., M

i= i-q, ..., 1-1
M, (see notes 6 and 8 above)

e(l), ..., e(tz)
((Y(t+h|t), h = by

1r e t2;
if I0PT = 1, ((Ot,h)’ h=nh

h2)’ 1’
PVAR not used
fajlure indicator

ceey h2),
t =t

1’ T

t =t ey tz), if 10PT = O,

ure
or TOPT not 0 or 1
Q+1 or NTL > NT2

or NH1 > NH2
(NT2-NT1+1) (NH2-NH1+1)

or NPVAR < 1 or TIOPT = 1

and N
TROWS <«
STGSQ <
nonposi

IROWS <

SUBROUTINE MACV (NQ, BETA, $1GSQ, RX, RXO,

Formal parameters

M)
RETA
$168Q

Tnteger
Real Array (NQ)
Real

Input:
input:
input:

PVAR < (NT2~-NT1+1) (NH2-NH1+1)
2

0

tive [I)x]ii encountered

NT24+NH2 and convergence not reached

I FAULT)

order of MA model
cocfficients of MA model
variance of white noise




RX
RX0
IFAUL

14~

Real Array (NQ) output:

Real output:

T Integer output:
0

1

R, oue, RX(NQ)
Ry (0)

failure indicator equal to:
if no failure

if NQ < 1

SUBROUTINE MXCV (NP, NQ, M, IROWS, ALPHA, BETA, SIGSQ, RYE, RYEO, WKM,
IP, RY, RYO, IFAULT)

Formal parameters

NP Integer ’ input:
NQ Integer input:
M Integer input:
TROWS Integer input:
ALPHA Real Array (NP) input:
BETA Real Array (NQ) input:
SIGSQ Real input:
RYE Real Array (NQ) output:
RYEQ Real output:
WKM Real Array (IROWS,IROWS) workspace:
1P Integer Array (IROWS) workspace:
RY Real Array (M) output:
RYO Real output:
[FAULT Integer output:

Failure Indications

Value of IFAULT Meaning

NP < 1

W S ™)

order of AR part of model
order of MA part of model
highest lag to calculate

(M > max (NP,NQ))
row dimension of WKM, IP

in calling program

(IROWS > max (NP,NQ))
coefficients of AR part of model
coefficients of MA part of model
variance of white noise

RYC(_I)’ ceey RYC(-NQ)
Ry, (0)

RY(l), . RY(M)
RY(O)

failure indicator

no failure

or NQ <1

M < max (NP,NQ)
TROWS < max (NP,NQ)
singular matrix encountered

The subroutines DECOMP and SOLV as described by Moler (1972) are called
by subroutine MXCV.




RESTRICTTONS, ‘FIME, STORAGE
1f the zeros of g(z) are not outside the unit circle, then one of
the “i(j) will be greater than or equal to one in magnitude thus giving
IFAULT = 10 in MXPD. Tf the zeros of h(z) are not outside the unit circle
then an element of Dx will become nonpositive thus giving IFAULT = 12 in
MXPD or TFAULT = 7 in MAPD.

The bulk of storage and computing time in MXPD is devoted to the

The values M. and M, increase

Mlvp matrix 1., and the M2 x q matrix Lx. ] 2

YA

as the smallest zeros of g(z) and h(z) approach the unit circle.

REFERENCES

Moler, C.B. (1972). Algorithm 423. Linear equation solver. Comm. Ass.
Comp. Mach, 274.

Newton, H.J. and Pagano, M. (1980). The finite memory prediction of
covariance stationary time series. Submitted for publication.

Wilkinson, J.H. (1967). The solution of ill-conditioned linear equations",

in Mathematical Methods for Digital Computers II, A. Ralston and H.S.

Wilf, eds, 65-93.
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20
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SUBROUT INE MXPDINP ¢ NQoe ALPHA ¢BETALSIGSQe Yo IOPT o NTL1osNT2 ¢NHL 4NH2,
INYPDNPVARSNPPNH2 4, IROWS] s IROWS2, IROWS 3+ DEL+RYE+RYEOsRYsRYO, [P,
LYWK ¢RZORX s RXOsALZ I ¢ALZoALX1eALX2 sDOX s MONEMTWO o XeE s YPDsPVAR,
tIFAULY )

THIS SUBROUTINE CALCULATES PREDICTURS YPD AND (OPTVTIONALLY)
PREDICTION VARIANCES PVAR FOR HORIZONS NHlseeoe ¢NH2 EACH FOR
MEMORIES NTl seee0eNT2,

DIMENSION ALPHAINP )} +BETAINQ)sYINT2),RYEINQ) +RYL IROWS3 ),
LIP(IROWS3) dALZICIROWSI L IRUWS3I)oALZ(IROWSL«NP)o VEK(NPPNH2) o
1ALX LCIROWS 3, IROWS3 ) AL X2{IROWS2NQ) OX( IROWS2) e XINT2} RXINQ),
LLINTY2) . YPDINYPD ) ,PVARINPVAR)

OATA ZERQOONEGEPS/0.0s1¢001eE~10/

CHECK INPUYT PARAMETERS 3

IFAULT=1

IF(NP L ToeleOReNQal T el eORIOPTLT.0s0R.10PTGTe1) GO TO 999
IHAULT=2

IFINT 1 LEJNPENQsOR cNT24L TeNTL1) GO TO 999
IFAULT =3

IF(NHLeLToeleOReNHZ2 <LTeNHI) GO TO 999
{FAULT=A

NCK={NT2-NT1+¢1)S&(NH2-NHL1¢1)
IFINYPDLT.NCK) GO TO 999

IFI(NPVARGLTe1l) GO TO 999
IF{NPVARLTaNCK«ANDIOPT «EQel) GO TO 999
IFAULT =5 ‘

IFINPPNH2 .LT.NP¢NH2) GO TO 999
IF(IROWS1 LT cNP+2 ,AND. IOPT.EG.1) GO TO 999
IF(IROWS1.LTel) GO TO 999

IFAULT =6

IFLIRDWS2.L.ToNP®NQeL1) GO TO 999
IFAULT =7

IFLIRDWS3.LT «NP+NQ) GO TO 999
IFAULT=AR

IF(SIGSQ.LE«ZERO) GO YO 999
FIND RYOsRY{1)sewesRY(NPENQG) 3

NEPPNQ=NP +NQ

CALL MXCVINP,NQ NPPNQe IRCWS 3. ALPHABETA+SIGSQeRYEsRYEOD.
LALX1eIPRY,RYOsIF1)

IFAULTY =9

IFUIFL1.FQes8) GO TO 999

FIND ALZ1.,RZ0 (ALZI INITIALIZEDs ALPHA(Jo1) FORMED IN ALXL(Jel).
JeleLEJNP, RZ0 FORMEDe ALZI FORMED FROM ELEMENTS IN ALX1)

IFAULT=10

DU 20 1=1,NPPNQ

DO 10 J=1,NPPNQ
ALZIGT+J)=2ERD
ALZItL«1)=ONE

DO 30 I=1.NP
ALXLIC(NP, 1) zALPHA(L)

IF(NP.FQ.1) GO YO SO
NPM | =NP-|
NO 40 J=1,NPMI




JI=NPMI - 3¢ )
JIPL=IIe]
PARV=ALXI(JIPL4JJPL)
IF{PART.GE-UNE) GO TN 999 ?
DEN=ONE-PART¢PART
DO 80 1=1,4J |
PRI TEWRLITS
40 ALXI(JJI1)=(ALXI(IIPL 1) -PARTSALXL{IIPL s JIPLIMIY D/DEN

50 RZ0=SIGSQ !
DO 60 J=1.NP
- 60 RZ0=RZO/{(ONE-ALX1(JeJ)SALXI(JeJ))

1IFINP.EQ.1) GO TO 80
DO 70 J=24NP
ML =g~1 .
DO 70 I=1eJML
! JI=IMI-1 +1
70 ALZI(Je 1D)=ALXL{ ML ¢JJ)
80 CONTINUE
NPP 1 =NP ¢+
DO 90 1=NPP1.NPPNQ
IFST=1-NPP1
DO 90 J=1.NP
JI=IFST el
JI=NP=-J 4+
! 90 ALZI{1.J9)=ALPHA{J])

IF(IOPT.EQ.1)s FIND MONE AND ALZ (INVERT ALZI, FIND ELEMENTS
OF NP TH CULUMN OF AL Z UNT IL CONVERGENCE,
THEN FILL IN REST OF ALZ) :

annan

IFLIOPT.EQ.0) GO TOD 230
DO 110 [=1,NP
DO 100 J=1+NP
100 ALZ(L+J)=ZERO
110 ALZ(1,.,1)=0NE
IF{NP.EQ.1l) GO TO 140
DO 130 J=2.NP
: FLANES
‘ DO 130 K=1,JM1
C=ZFRO
JMK = J-K
' JMKP 1= MK $+1
DO 120 IR=JMKPL ,,J
120 C=C~ALZUJ+IRISALZICIRyINK)
130 ALZC(JIeaMK)=C
140 CONTINUE

CK=RZ0/S51GSQ
| NPP L=NP ¢}

AL ZINPP] (NP ) z—ALPHALL)

SUMSQ=ONE ¢+ALPHA(L) SALPHA(L )

MUP=MINOCIROWS 1 -NP ¢ NT 2 ¢NH2~NP)

DO 160 J=2,MUP
1 LLOW=MAXO(O s J-NP) ¢ 1 .
; LUl =y
! ALD=ZERQO
, CC=0NE
‘ D0 150 LL=LLOW,LUP
\ L=l -1
|
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150

160

170

180
190

200
210
220

[aBalKsl
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230

240
250

260

270

JML = ) -L
L1=NPeL
IFIL.GT0) CC=ALZ(L L+NP)
ALD=ALD-ALPHA( JML ) ¢CC
NPP Jz=NP & J
ALZ(NPP NP )=ALD
SUMSQ=SUMSQ¢+ALD*ALD
IF (ARS{SUMSQ-CK) .LT.DEL) GO TO 180
CONT INUF
IFCMUP LT JNT2¢NH2-NP) GO TQO 170
MUNE =NT 2 ¢NH2
GO TO 190
CONTY INUE
IFAULT =11
MONE=TROWS1
GO YO 999 .
MONF=J¢NP
CONT INUE

IF(NP.EQes1l) GO TO 220
NPMI=NP~-1
M1 MNP=MONE -NP
NG 210 J=t . MIMNP
NPP J=NP+ )
DO 210 L=1e«NPMIL
C=ZERO
DO 200 IR=1.NP
NPPJINR=NPP Y- IR
C=C~ALPHA(IR ) SAL ZINPP JMR,L)
ALZINPP L ¥=C
CONT INUE

FIND RXORX{l1l)seeoesRX(NQ)
CALL MACV(NQ,BETA,SIGSQ+RX+RX0+IF1)

FIND ALXLoOX(1)seecesDXINPENGD) (NOTE THAT ALPHA(I.J) FOR
lolEedalEelalTeNP IS IN ALZI(I®10-0s1))

CONTINUE

DO 250 I=1.NPPNQ
DU 240 J=01.NPPNQ
AULX1(Il+J)=ZERD
ALX1( e 1)=0ONE
IFAULT=12

DX(13=RYO
DO 340 (=2.NPPNQ
IMI=[-]
DO 290 J=l,.IMiQ
C=ZERO
00 260 L=1.1
DO 260 M=1,4J
fLMM={ ABS(L—-M)
IF(ILMMeEQ.Q) C=CALZICI L)SALZI(JoM)SRYOD
IF(ILMMGTe0) C=CALZI(TI,LISALZI(JoM)SRYLILMN)
CONTINUE
IF(J.EQel) GO TO 280
JMi=2J-1
DO 270 LxiesJMy
C=C~ALXICILISDXILISALXLI(JWL)

—




280 ALX1{1+sJ0)=C/DX( J)
290 CONT INUVE
C=RX0
IF({1.GT.NP) GO TQ 320
C=ZERO

DO 310 M=1,1l
CL=ALZICE M)
C2=ZERD
D0 300 L=1.,1
ILMM=JABS(M-L)
IFUILMM.EQ.0] C2=C2¢ALZI(I L)*RYO
IFOILMML.GT.0) C2=C2¢ALZIC( T L)*RY(ILMM)

300 CUNT INUE

310 C=C+C18C2

320 DO 330 L=ti.1IM1

330 C=C-OX(LI®ALXL( T D®ALXICL,L)

IF{CaLT EPS) GO TO 999

340 OX(I)=C

[aNaNaNaNalaNa¥al

350
360
370

380

390

400

FIND MYW0O, ALX2, AND THE REST OF DX (IN THIS SECTYION,

f AND J=1-NQsseeesl~1 REPRESENT THE INDICES OF THE NONZERO,
NONONE FLEMENTS OF THE MATRIX LSUBXe NOTE THAT [F [INTEGERS
MolLEaNsLENPENQe THEN LSUBXINsM) 1S STORED IN LSUBX{N:M)
WHILE IF N.GTNPe¢NQs, THEN LSUBXINsM) IS IN ALX2(N-NP-NQ,
NO—(N=-M)+1 )y M=N-NQeesssN-1) 2

IFAULT=12
TUP=MINO{ IROWS 2~-NP—~-NQe¢ NT 26 NH2—-NP~NQ)
DO 400 Il=l,IVUP
I=NPPNQ+I1
IMNQ=[~-NQ
ALX2(TIL.1)0=RXINQY/7DX( IMNQ)
IF(NG.EQ.1) GO YO 370
DO 360 JJ=2.NQ
J=INNQ+J I
NQ1=NQ-JJ+t
J1 =J=-NPPNQ
C=RX(NQ1)
JJIMLI=4y-1
DO 350 LL=1l,JIM]
L=IMNQsLL-1
J2=NQ-tJ-L )¢ 1
IF{JeLENPPNQ) Cl=ALXICJI,L)
IFCJeGT«NPPNQ) CI1=ALX2(J14J2)
C=C-ALX2(ILl.,LL)S®DX(L)OCI
ALX2(1T12JJ)=C/DX(J)
C=RX0
DO 380 L=1.NQ
LL=1-NOeL -1
C=C-ALX2{ 0l L)*ALX2(TToLI)ODXILL)
ox{t1)=C
IF(DXLTI).LTL.EPS) GO 10 999

DO 390 JJ=1.NQ
NOMJPL=NQ~J J¢1
IF{ANSIALX2((LsJII-BETAINGMIPL })eGT.DEL) GO Ta 400
IFCARSIDX( 1) -SIGSQ)GTDEL) GO TO 400
MTWO=11+NPPNQ
G YO 420
CONT INUE
IFCTUPLLT.NT2¢NH2-NPPNQ) GO TO 410

R
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MYWO=NT24#NH2
GO Y0 420

410 CONVYINUE
IFAULT=13
MTW0O=1ROWS2—-NPPNQ
GO TO 999

420 CUNT INVE

C FIND X{1)seoesX{NV2)eEll)eseeeesEINT2)

NPP | =NP ¢+
x(1)=v(1)
IFI(NP.EQ.L) GO TO 450
DN 440 J=2+NP
C=yv( N
JML =9-1 .
DO 430 L=1,JM1
JML = -1l
430 C=C+ALZI(JoJML) oY ML)
440 x(J)=C
450 DU 470 J=NPP1.NT2

C=Y(J)
DO 460 L=1+NP
JML=J-L
460 C=C+ALPHA(L )sY{( JNL)
470 x(J)=C
C
E(L)=x(1)
DO 490 J=2 ,NPPNQ
C=x(J4)
JML ==
DO 480 L=1,JM|
480 C=C-ALXI(J,L)%E(L)

490 E(J)=C
MU_OW=NPPNQ+1Q
MUP=MINO(NT2 ,MTW0D)
00 510 JS=MLOW . MUP
3J=J-NPPNQ
c=X(J)
DO S00 L=1+NQ
LL=J-NQ¢L -1
500 C=C-ALX20JJL)SE(LL)
510 E(J)=C
IF(MUPEQeNT2) GO YO 540
MUPP | =MUP ¢ |
NO S30 J=MUPPL ¢NT2
c=xtJ)
DO 520 L=1.NQ
JML=J-L
520 C=C-BETA(LICE(IML)
530 E(J)=C
540 CONTY INUE
c
C FIND VvYPD 3
C
NPDPT =NH2-NH]1 ¢ 1
NO 630 NT=NT],NT2
NSUFAR=(NF~-NTI1 ) ¢NPDPT
NTMNP=NT~-NP
DO 550 [=]1.NP
I3 =NTNMNP ¢ ]
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550

560
S70
580

590

600
610

620
630

640

vuk{t)=y(11}

DO 610 NH=1+NH2

NPPNH=NP +NH

NTPNH=NT ¢+ NH

[ROWLX=NTPNH-NPPNQ

XYPH=ZEROD

IF{NH.GT«NQ) GO YO 590

IFI(NTPNH.GT.MTWD) GO YO S70
DO 560 K=NHeNQ
INDL=NQ-K#1
INDE=NTPNH-K
XTPH=XTPH¢+AL X2{( IROWL X + INDL ) *E( INDE)

GG T0O S90
D0 580 K=NH.NQ
INDE=NTPNH-K
XTPH=XTPH+BETA(K)S&E( INDE)

C=XTPH
DO 600 J=L1.NP
INDY=NPPNH-J
C=C-ALPHA(J) ®EYWK(INDY )

YUK {NPPNH) =C

DO 620 [ =NH1.NH2

N1O=NP+ |

NILI=I-NHL+1

N12=NSOF AR#NL |

YPD(NL2)=YWK(NLO)

CONTINUE

IF 10PT«EQele FIND PVAR 3

IF(I0PT,EQe0) GO YO 690
M1 MNP=MONE ~NP
DO 680 NT=NTI1,NT2
NSOF AR={NT-NT1 )&NPDPT
DO 680 NH=NHLI,NH2
NINDX=NSOFAR#NH-NH1 #]
NTPNH=NT &NH
C=ZERQ
DO 670 KP1=1¢NH
K=KP1-1
KROW=NTPNH-K
C1=S1GSQ
IFIKROWLTaMTNO) ClI=DX(KROW)
C2=0NE
IFIK.EQe0) GO TD 670
NPPK=NP +K
C2=ALZ(NPPK,NP)
DO 660 IR=1,K
KMR=K~IR
C3=2€ERL
IF(KMR,.GT.MIMNP) GO TO 640
INDL=NP ¢KMR
C3I=ALZ(INDL (NP)
CAa=ZERD
IFUIR.GT.NQO) GO TO 660
N10O=NTPNH-KMR
IF{N10.GT.MTW0O) GO YO 650
N1 1=N10-NPPNQ
N12=NGC-IR#1
CA=ALX2(N11,N12)
GO T0 660
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650 CA=BETA(IR)
&60 C2=C2¢C30CA
670 C=CeCleC2eC2

680 PVARININDX)=C
690 CONTINUE

{FAULT=O
999 RETURN
END
SUBROUT INE MAPD(NQ+BETAsSIGSQe Yo IOPT (NT1 oNT2:NHLIeNH2,
INYPDoNPVAR, IROWSsDELeRXsRXO ¢DX s AL XeMTWOSEs YPD,PVARIFAULT)

THIS SUBROUTINE CALCULATES PREDICTORS YPD AND
(OPTIONALLY) PREDICT ION VARIANCES PVAR FOR HORIZINS
NHlC...'NH?_ EACH FOR “EMOR!ES N'l....'NtZt

DIMENSION BETA(NG) ¢ YANT2),RX(NQ)sDXCIROWS) s ALXUIROWSeNQ) o
IFINT2) YPDI(NYPD )., PVAR(NPVAR)
DATA ZEROJUNE+EPS/0e0+s1e0slE-LO/

IFAULT=]
IFINQeLTolsORIOPY oLT e 0s0R.I0PTGTet) GO TO 199
IFALLT=2

IFI(NTL LT oNQ®]l cORNT1GTNT2) GO TO 199
IFAULTY=3

IFI(NHL LTl eORsNHL «GTeNH2) GO TO 199
IFAULT=4

NCK=(NYT2-NT1 ¥l )Ss(NH2~-NH1+1)
IF(NYPO.LT«NCK) GO YO 199

IFO(NPVARLLTH1) GO TO 199

[FINPVARJLT cNCKsAND.IOPT .EQel) GO TO 199
IFAULT=S

IFCIRUWS.LTL2) GO TO 199

IFAULYT=6

IF(SIGSQ.LE-ZERO) GO TO 199

IFAULT=7

FIND MTWO ANDO ROWS OF AL X, DX @
CALL MACVINQsBETA,SIGSQeRX+RXO0sIF 1)

DX(1)=RX0
D0 10 (=1.NO
10 ALX( [+ ]1)=0ONE
ECLYI=VY(1)
fUPZMINO(IROWS s NT2 ¢NH2)
DO 100 [=2,1UP
11=MAXO(I~-NQO-1,0)¢}
iMi=(-1
NEL TS=IM1-1]¢1
DO 30 J=1ls1IM]
JIND=J=-11¢+1
IMy=1-4
JML =z J-1|
C=NX(IMJ)
IFtLJ.EQeslIl) GO YO 30
J1ZMAXO(J-NO-1,0)¢1
D1} 20 L=ltdN]
LL=L~-(he¢]
Jidzl-Jlel




20 C=C-ALXLI.LL)EDX(LISALX(IIJ)
30 ALXU L1+ JIND)I=C/7DX(J)
C=RX0
D0 40 J=(1,1IM1
JIND=J-11¢1
40 C=C-DOX( I V¢ALX{ Ll e JINDISAL XL+ JIND}
IF{CJLELEPS) GO TO 199
oOx¢l)=C
IF( {aGTeNT2) GO TO 60
c=Y(})
DO S0 J=1..NELTS
LI=I-NFLTS#J-1
50 C=C-ALX{1.:.J)¢EL1L)
E(l1)=C
IF(1«LE«NQ) GO TO 100
60 D0 70 J=1.NQ -
JJI=NQ—-J+1
70 IF(ABSIALX(1eJ)-BETA(JJS))GE.DEL) GO TO 100
IF{ABSI{OX(I)-SIGSQ)«GELDEL) GO YO 100
MYWOD=1
IF{1«GE.NT2) GO TO 110
IPt=1+1
DO 90 J=1PL1NT2
C=v(J)
DO 80 K=1.NQ
IMK=J-K
80 C=C-BETAIK)S$E(JINK)
90 E(J)=C
GO YO 120 ’
100 CONT INUE
IFAULT=8
{F(LUP.LT.NT2¢NH2) GO TO 199
110 MTWO=NTY2+NH2
120 IFAULT=0

C CALCULATE PREDICTORS :

NPDPT=NH2-NH1 +1
00 140 NT=NTL1,NT2
NSOF AR=(NT-NT1)$NPDPT
DO 140 NH=NHIL+NH2
NIND=NSOFAR+NH-NHL ¢ 1
YPD(NIND ) =ZERO
IF(NHeGT«NQ) GO TO 140
NTYPNH=NT ¢ NH
C=ZERO
DO 130 X=NH, NQ
INDE=NTPNH=-K
INDL=NQ-K+1{
C1=BETA(K)
IFINTPNHLE.MTWO) CL=ALX(NTPNH. INOL)
130 C=Ce¢CL%E ( INDE)
140 VYPDININD)=C

C 1F 1UPT=1,s CALCULATE VARJANCES :

IFLI0PT.EQ.0) GO TO 199

DO 180 NT=NTL,NT2

NSOF AR=(NT~-NT1 ) ¢NPDPT
DO 180 NH=NHI,NH2
NHME=NH-=-8




150
160
170
1 80

199

[alalalalial

NIND=NSOFAR+NH-NH] #1]
NTONH=NT ¢NH
C=S1GSQ
IF{NTLT MTWII) C=DX{(NTPNH])
IFI(NH.EQel) GO TO 180
NHUP=MINO {NHM1 ¢ NQ)
(FI(NT.GE.MTWQ) GO TQ 160
PO 150 K=1+NHUP
INDD=NTPNH-K
INDU=NQ-K¢1
C=C4OX{INDD I *AL X ANTPNHe INDL JSALXINTPNH, INDL )}
GO TO 180
DN 170 K=1.,NHUP
C=C+SIGSQA*BETA(K)®BETA(K)
PVARININD)=C

Rf TURN

END

SUBROUTINE ARPDINP . ALPHA,SIGSOQsYs IOPT o NTLoNT2,NH1sNH2,
INYPDoNPPNH2 s YWK s GAMoYPDO o PYARGEFAULT)

THIS SUBROUTINE CALCULATES PREDICTORS YPD AND {(OPTIONALLY)
PREDICTION VARIANCES PVAR FOR HORIZONS NHlseee o NH2 EACH
FOR MEMORIES NTlseseoeNT2

DIMENSION Y(NT2) . ALPHA(NP) , YWK{NPPNH2) « GAMINPPNH2) »
LYPDUINYPD) 4, PVAR(NH2)
DATA ZERUWONF/0.0010/

IFAULT=L

IF{NP.LT,1) GO TQO 100

IFAULTY =2

IFINTL LEeNP IR NT L oGTANT2) GO TO 100
IFAULT=3

IFUNHE LT el eORNHL «GT eNH2) GO TO 100
IFAULT=4

IF(SIGSN.LE«ZERU) GO TO 100

IFAULT =5

IFOIOPTLLYT,.00R,.10PT.GT.t) GO TO 100
IFAULTY=6

NCK=(NT2-NT ] ¢+1 ) ¢ (NH2-NH]1¢1)
IF{NYPDoLToNCKeORe NPPNH2.LT<NP+NHZ2) GO TO 100
IFAULT=0

C FIND PREDICVTIONS :

to

20
30

NEPDPT=NH2-NHL14+1
NO 50 NTU=NT1.NT?2
NSOF AR=(NT-NT 1 )eNPDPT
NYMNP=NV-=NP
DO 10 [I=]1.NP
TI=NT-NP ¢
Yux{Ii)=vIil)
DO 30 NH=1,NH2
NPPNI{=NP ¢ NH
NTYPNH=NT ¢+ NH
C=ZERQ
DO 20 [=1,NP
{I=NPPNH-{
C=C-ALPHA(L)sYUK(IT)
YWK (NPPNH ) =C




C
C
C

noAN

e e ———

e N aNalal

DO A0 NH=NHLNH2
INDNH=NSOFAR+NH-NH] ¢1
INDWK=NF & NH

a0 YPOCINONH)I=YWK{ INDWK)
50 CONTINUVE
IF 10PT=1e FIND VARIANCES 2
IF(IOPT.EQ.0) GO TO 100
GAM(1)=-ALPHA(L1)
IFINH2.EQ.1) GO TO 80
DO 70 NH=2¢NH2
LLOW=MAXO(O0 . NH-NP) #
C=ZEROD
DO 60 LL=LLOW,NH
L=LL—} .
C1=0NE
IF(LeGTL0) CI=GAM(L)
NHMLU =NH-L
60 C=C—ALPHA (NHML ) #C1
70 GAM(NH)=C
a0 PVAR(1)=SIGSQ
IF(NH2.EQ.,1) GO TO 100
DO 90 I=2+NH2
IMI=]~-]
90 PVAR(I}=PVAR(IM]I)+SIGSQEGAN(]IM] )EGAMN{IM])
100 RETURN
END
SUBROUTINE MATUVINQ.BETA,SIGSQ«RYRYODIFAULT)
THIS SUBROUTINE CALCULATES MAINQ) AUTOCOVARIANCES OF LAGS
Oseees NG (NQeGTHL0)
DIMENSION BETA(NQ) +RY(NQ)
DAYA ONE/1 .0/
IFAULT=]
IF(NQ.LT.1) GO TO 40
IFAULT=0
C=0NE
DO 10 (=1.NQ
10 C=C+BETA(L)SBETA(L)
RY0=C#SIGSQ
DU 30 [V=1,NQ
C=BETAlIV)
IF{ IV.EQ.NQ) GO TO 30
NOMIV=NQA-IV
DO 20 J=1.NQMLV
JPIV=)e¢]lYV
20 C=Ce¢BETAC(J)SBETA(UJPILYV)
30 RY(IV)=CeSIGSO
40 RETURN
END
SUBROUTINE MXCVI(NP ¢ NQo Me IROWS+ALPHALBETALSIGSQ.RYELRYEOD,
LUKM [P, RYRYDs IFAULT)
THIS SUBRIJTINE CALCULATES ARMA{INP.N2) AUTOCOVARIANCES FOR
LAGS Ooeoe oM (M GEMAXINP NQ)s NPeNQeGT0) ¢




[a]

DIMENSION ALPHA(NP) +BETAINQ)eRYE(NQ) s WKM{ IROWS ¢ IROWS) »
1IP{ [ROWS) ,RY{M)
OATA ONF+ZERO/14040.07

IFAULT=|

IFC(NUL Tl eQR«NPLTe1l) GO TO 110
IFAULT =2

MAXPQO=MAXO(NP,NQ)

MM=MAXPQe¢]

IFIMJLELMAXPQ) GO TO 110
IFAULT=3

IF(IRAOWSLT.MN) GO TO 110
IFAULT=4

FIND RYEORYE(L)eooeeRYE(NG)
RYEO=S1GSQ
00 30 tv=1eNQ
C=SIGSQ*BETA(LV)
NUP=MINO(IV NP)
DO 20 J=1.NUP
fVMJ=1V-)
IF{IVMJ.EQ.0) GO TO 10
C=C-ALPHA(JI*RYELIVMY)

GO T 20
10 C=C—-ALPHA(J)SRYED
20 CONVY INUVE

30 RYE(IV)=C

USE DECOMP, SOLVY TO OBTAIN RYOsRY(Ll)eeee e RY{MAXINP,NQ)) 2

PO 40 (v=1.,MM
RY( IV)=ZERO
DO 40 J=1.MM
40 WwWKM(IVeJI)=ZERO

NPPL=NP¢1
NOP 1=NG+1
DO 60 (VvPLI=]1.NGPIL
fv=IvPIi-1
C=RYFO
IF{IVeGTo0) C=CeBETA(LV)
IFLIV.EQ.NQ) GO TO 60
DO S0 X=IVPL«NQ
KMIV=K~-1V
S0 C=C¢RETA(K)SRYE (KMI V)
60 RY{1VP1)=C

DU 70 IVPI=] MM
Iv=tvPi-|
WKM{IVPL.IVP ] )=wkKM(IVPle IVP1)+ONE
DO 70 J=1«NP
11={ABS(IV=J)+]
TO0 WKMOIVPL i1 )=WKM(IVPL,EL)}+ALPHALJ)

CALL DECUMP (MM, IROWS.WKM,IP)
IFUIP(MM) ,EQ.,0) GO TO 110
IFAULT =0

CALL SOLV(MM,IROWS ¢ WKMeRY4 IP)
RYO=RY( 1}

DO 80 [V=1,MAXPQ




! IvPi=fvel
80 RY(LIV)=RY(IVPL)

USE DIFFERENCE EQUATION TO GET THE REST OFf THE RY @

[a N alg]

IF(M.EQ.MAXPQ) GO TO 110
DO 100 1V=MM,M
C=ZERQ
. DO 90 J=1.NP
1IVM=LIV-J
‘ 90 C=C-ALPHA(J)SRY(IVMJ)
100 RY(IV)=C

110 RETURN
- END
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